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ABSTRACT 

On September  6, 1967, the tanker  E. C. Stoner foundered on the reef  off the h a r b o r  
e n t r a n c e  a t  Wake Island. During the following 10 days  the v e s s e l ’ s  c a r g o  of o v e r  22,000 
k l i t e r s  (6 million gal)  of high oc tane  aviat ion gasol ine ,  aviation je t  fue l ,  aviat ion tur -  
bine fuel ,  d iese l  oil,  and bunker C black o i l  w a s  spi l led along the southern  c o a s t  of the 
i s land .  

A s h o r e  and underwater  survey  of the contaminated coas t l ine  showed that  an  
e s t i m a t e d  2,500 kg of i n s h o r e  reef  f i s h e s  w e r e  killed and s t randed  on the shore .  
N u m e r o u s  o ther  f i s h  and i n v e r t e b r a t e s  w e r e  probably killed. Evidence i s  c i ted which 
ind ica tes  that  m o s t  of the kill o c c u r r e d  on the shal low reef f la t  and the author  specu-  
l a t e s  on the  le tha l  effect  of the v a r i o u s  fuels .  

INTRODUCTION 

On September  6 ,  1967, the SS fl. C_. S toner ,  
an  18,000-ton t a n k e r ,  went aground about 200 m 
southwest  of the h a r b o r  e n t r a n c e  a t  Wake Is- 
land ( F i g u r e s  1 and 2). She was  in  the p r o c e s s  
of moor ing  to two buoys located outs ide the 
h a r b o r  when the s t r o n g  southwes ter ly  wind 
drove  h e r  onto the reef .  

When s h e  foundered,  the €J. C_. Stoner  was  
loaded to capaci ty  with o v e r  22,000 k l i t e r s  (6 
mil l ion gal) of pe t ro leum products .  The  c a r g o  
cons is ted  of (1) 13,300 k l i t e r s  (3,507,000 gal)  
of J - P 4  m i l i t a r y  aviat ion je t  fue l ,  a mix ture  of 
k e r o s e n e  and gasol ine which is l ight  yellow and 
m i x e s  readi ly  with water ;  (2) 6,700 k l i t e r s  
(1,785,000 gal) of A - 1  c o m m e r c i a l  aviation 
turb ine  fuel ,  a k e r o s e n e  fuel which is light 
brown,  m i x e s  readi ly  with w a t e r ,  and i s  a r e l -  
a t ively s a f e  fue l  to handle;  (3) 1,600 k l i t e r s  
(420,000 gal) of 115/145 aviation gasol ine ,  a 
highly corn bust ible  fuel  f o r  high p e r f o r m a n c e  
r e c i p r o c a t i n g  engine a i r c r a f t ,  which i s  l ight  
purp le  and conta ins  te t rae thyl  lead ;  (4) 640 
k l i t e r s  (168,000 gal) of d i e s e l  oi l ,  which is 

l ight  brown;  and (5) 525 k l i t e r s  (138,600 gal) of 
bunker  C black o i l ,  the  v e s s e l ’ s  engine fuel  and 
l e a s t  volat i le  of the  pe t ro leum products  on 
board.  

O l l i e C u s t e r  and I ,  of the Bureau  of C o m m e r -  
c i a l  F i s h e r i e s  Biological Labora tory  (now Na- 
t ional  Marine F i s h e r i e s  Serv ice  Hawaii  A r e a  
F i s h e r y  R e s e a r c h  C e n t e r ) ,  Honolulu, a r r i v e d  a t  
Wake Is land on September  1 3  to survey  and 
a s s e s s  the  damage  to m a r i n e  f i sh ,  inver te -  
b r a t e s ,  and b i r d s  caused  by the pe t ro leum 
spi l lage.  

Wake Is land,  l a t  19’18’ N, long 166’36’ E ,  
l i e s  about 300 m i l e s  nor th  nor thwes t  of the 
n o r t h e r n m o s t  of the Marsha l l  I s lands  and is 
a d m i n i s t e r e d  by the F e d e r a l  Aviation Agency 
(FAA). I t  h a s  a l o r a n  s ta t ion  opera ted  by the 
C o a s t  Guard and a P a c i f i c  Miss i le  Range in-  
s ta l la t ion  maintained by the  Air  F o r c e .  Wake 
c o n s i s t s  of t h r e e  i s l e t s  f o r m i n g  an  atoll en-  
c los ing  a shal low lagoon. The  total  land a r e a  
i s  about 6.5 k m 2  with a maximum elevat ion of 
about 7 m. The atol l  is about 7.2 km long 
nor thwes t  to southeas t  and about 3.2 km wide. 
The lagoon h a s  an  a r e a  of about 9.1 k m 2  and a 
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F i g u r e  I.--Wake Island. 

maximum depth of 3 - 4  m. 
Immedia te ly  a f te r  the grounding,  a l a r g e  

quantity of fuel  spi l led f r o m  the damaged tanks.  
It was  bel ieved to cons is t  p r imar i ly .  of aviat ion 
g a s ,  J-P4 j e t  fue l ,  and possibly A - 1  tu rb ine  
fuel. However ,  the following day bunker  C fuel  
w a s  a l s o  escaping  in  cons iderable  quantity 
( F i g u r e  3) .  Gasol ine vapor  could be s m e l l e d  
until September  9 ,  but not subsequent ly ,  indi- 
ca t ing  that  the v e s s e l  was  c l e a r  of gaso l ine  
within the f i r s t  few days.  

Unsuccessful  a t t e m p t s  to pull the E.  C. Stoner  
f r o m  the  reef  with h e r  c a r g o  in tac t  made  i t  
apparent  that i t  would be n e c e s s a r y  to l ighten 
the  v e s s e l  before  sa lvage  opera t ions  could pro-  
ceed,  However ,  continuing southwes ter ly  winds 
and rough s e a s  caused  by the r e c e n t  c l o s e  pas-  
s a g e  of typhoon Opal and t ropica l  s t o r m  Ri ta  
delayed salvage.  Southwester ly  winds of 1 8  to 
25 knots continued unt i l  the  morn ing  of Sep- 
t e m b e r  16. 

On September  8, the  s t e r n  sect ion of the 
E. (2. Stoner  broke  off and p lans  to f loat  the  
v e s s e l  f r e e  w e r e  abandoned. During the f i r s t  
3 days  a f t e r  the grounding, the preva i l ing  south- 
w e s t e r l y  wind drove  the escaping  fuel  into the 
s m a l l  boat h a r b o r  and along the c o a s t  f o r  about 
4 km towards  Peacock  Poin t  ( F i g u r e  1). It w a s  
e s t i m a t e d  that  a s  much a s  2,285 k l i t e r s  (600,000 
gal)  of mixed fue ls  covered  the s u r f a c e  of the 
s m a l l  boat h a r b o r  with a l a y e r  up to 20 c m  
thick ( F i g u r e  4) .  The volume of petroleum 
products  washed up on the south c o a s t  was  not 
es t imated .  Only s m a l l  quant i t ies  of oi l  reached  
the  s h o r e  on the  Wilkes  Is land c o a s t  to the 
nor thwes t  of the  h a r b o r  e n t r a n c e  and re la t ive ly  
few dead f i s h  w e r e  seen  s t randed  on that shore .  

L a r g e  n u m b e r s  of dead f i s h  w e r e  s t randed  
most ly  a long two high-water  l e v e l s  between the 
h a r b o r  e n t r a n c e  and Peacock  Point. The odor  
of putrefying f i s h  was  s t r o n g  a s  f a r  a s  3 . 2  km 
away. The  intensi ty  of the kill d iminished 
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Figure 2.--R. 2. Stoner, aground o f f  the harbor entrance 

Figure 3 . - - O i l  blackened s u r f .  
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F i g u r e  4 . - - l n n e r  small boat harbor was c o v e r e d  with about 20 cm of  o i l  

a long  the  s h o r e  t o w a r d s  P e a c o c k  Poin t .  On the  
s o u t h e r n  s i d e  of t h e  poin t ,  few dead  f i s h  w e r e  
s e e n ,  and  no  d e a d  f i s h  o r  s h o r e s i d e  p e t r o l e u m  
pol lu t ion  w a s  s e e n  o n  t h e  n o r t h e r n  s i d e  of the  
point .  

On S e p t e m b e r  11 and 1 2 ,  F A A  p e r s o n n e l  i n  
c o o p e r a t i o n  with c r e w m e n  f r o m  the  E .  C. Stoner  
had c l e a r e d  m o s t  of the  l a r g e r  f i s h  f r o m  the  
s h o r e  a r e a  t h a t  had  r e c e i v e d  t h e  bulk of the  
d e a d  f i sh .  T h e  c l e a r e d  s h o r e l i n e  ex tended  f r o m  
t h e  h a r b o r  e n t r a n c e  s o u t h e a s t  for  about  2 ,300  m 
( F i g u r e  1). 

B y  S e p t e m b e r  13, a U.S. Navy h a r b o r  c l e a r -  
a n c e  t e a m  had  a r r i v e d  f r o m  Subic  B a y .  P h i l i p -  
p i n e  I s l a n d s ,  to  a s s i s t  i n  r e m o v i n g  the  v e s s e l .  
T w o  Navy t u g s ,  a Navy s a l v a g e  s h i p ,  the  U.S. 
C o n s e r v e r ,  a Navy t a n k e r ,  t h e  U.S. Noxubee,  and  
USCG Mallow w e r e  l a y i n g  o f f s h o r e  to  a s s i s t  i n  
t h e  s a l v a g e  of t h e  E. C_. Stoner  and h e r  c a r g o .  

S t a n d a r d  Oil  C o m p a n y  and U.S. Navy p e r s o n -  
n e l  w e r e  r e m o v i n g  o i l  p r o d u c t s  f r o m  t h e  s u r -  
face of the  s m a l l  boa t  h a r b o r .  Ut i l iz ing  a i r -  
d r i v e n  p u m p s  and s u r f a c e  s k i m m e r s ,  they  w e r e  
p u m p i n g  o i l  in to  p i t s  d u g  c l o s e  to  t h e  h a r b o r .  
T h e  o i l  i n  t h e  p i t s  w a s  b u r n e d  e a c h  evening.  
O v e r  100 ,000  g a l  w e r e  e s t i m a t e d  to  have  b e e n  
r e m o v e d  f r o m  t h e  h a r b o r  and d i s p o s e d  of b y  
t h i s  technique .  

SHORELINE SURVEYS 

We m a d e  s p o t  s u r v e y s  a long  the  fu l l  l e n g t h  01 
t h e  s e a w a r d  and  lagoon c o a s t l i n e s  of the  a to l l  
t o  d e t e r m i n e  and  a s s e s s  the  e f f e c t s  of the  con-  
tamina t ion .  

The Lagoon 
N o  p e t r o l e u m  p r o d u c t s  had e n t e r e d  the  l a -  

goon. T h e  h a r b o r  i s  b locked  f r o m  t h e  lagoon 
by a n  e a r t h e n  c a u s e w a y  which  had p r e v e n t e d  
e n t r y  of o i l  into the  lagoon f r o m  the  h a r b o r .  
T h e  p r e v a i l i n g  w e s t e r l y  w i n d s  and c u r r e n t s  
ev ident  1 y p r e v e n t  e d po 11 ut a n t s  f r o m  e n  t e r i ng 
the  lagoon o v e r  the  reef  on  the  n o r t h w e s t e r n  
end  of t h e  a to l l .  

Area Cleared of Fish by the 
Federal Aviation Agency 

With few e x c e p t i o n s  a l l  t h e  l a r g e r  f i s h  had 
b e e n  r e m o v e d  f r o m  t h e  c l e a n e d  s e c t i o n  of the  
s h o r e l i n e .  T h e  r e m a i n i n g  s m a l l  f i s h  w e r e  con-  
c e n t r a t e d  in  w i n d r o w s  a long  two oi ly  h igh-water  
m a r k s  a long  t h e  c o a s t l i n e .  Both  h igh-water  
l i n e s  w e r e  the  r e s u l t  of a b n o r m a l l y  high t i d e s  
i n  combina t ion  with t h e  s t r o n g  o n s h o r e  wind 
and high s e a s  which  p r e v a i l e d  ear ly  i n  Septem-  
b e r .  They  w e r e  about  8 and 3 m h i g h e r  up the 
b e a c h  than  the  h i g h - w a t e r  l e v e l  on  S e p t e m b e r  
13.  T h e  f i s h  w e r e  u s u a l l y  th ick ly  c o v e r e d  with 
o i l .  They  c o n s i s t e d  l a r g e l y  of p o m a c e n t r i d s  
( d a m s e l f i s h e s )  and a c a n t h u r i d s  ( s u r g e o n f i s h e s ) ;  
Porn a c e  n t r u s so  r d i  du 6 .  

and A c a n t h u r u s  t r i o s t e E u s  s e e m e d  to  p r e d o m -  
ina te .  We e s t i m a t e d  tha t  the  r e m a i n i n g  f i s h  on  
t h i s  s e c t i o n  of the c o a s t  p r o b a b l y d i d  not a m o u n t  
t o  m o r e  than  a few h u n d r e d  k i l o g r a m s .  

Dead  t u r b i n e  m o l l u s c s ,  T u r b o  sp.  ( F i g u r e  5).  
and d e a d  s e a  u r c h i n s ,  T r i p n e u s t e s  sp., w e r e  
abundant .  W e  a l s o  s a w  a few d e a d  b e a c h  c r a b s  
and s m a l l  c o w r i e s .  

P e r s o n n e l  involved  in  the  f i s h  c leanup o p e r -  

ni gr i c a n s , A bud e f d uf 
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F i g u r e  5 . - - u o  5 p .  s u f f e r e d  h i g h  m o r t a l i t y .  

F i g u r e  6 . - - F i s h e s  s t r a n d e d  on t h e  o i l  b lackened  beach. 
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a t ion  had  s a v e d  s p e c i m e n s  of t h e  v a r i o u s  s p e -  
cies they  had co l l ec t ed .  T h e s e  w e r e  ident i f ied  
and  pho tographed .  T h e i r  r e c o r d s  showed  tha t  
a p p r o x i m a t e l y  1 ,360  k g  of f i s h  were co l l ec t ed  
d u r i n g  the  c leanup.  B a s e d  on  t h e i r  rough  e s t i -  
m a t e s ,  by n u m b e r ,  40% w e r e  s u r g e o n f i s h e s .  
m o s t l y  A c a n t h u r u s  t r i o s t e m s  and A. a c h i l l e s :  
30% were p a r r o t f i s h e s ;  107" w e r e  s q u i r r e l f i s h  
H o l o c e n t r u s  l ac t eogu t t a tus :  and  20% w e r e  o t h e r  
s p e c i e s ,  m a n y  of which  w e r e  g r o u p e r s .  V e r y  
f ew dead  m o r a y  eels w e r e  co l l ec t ed  d u r i n g  the  
c leanup.  

T h e y  s a w  n u m e r o u s  dead  s e a  u r c h i n s  and  
t u r b i n e  s h e l l s .  bu t  t h e s e  had  not  been  r e m o v e d .  
A v i s i t  to  t he  d u m p ,  w h e r e  the  f i s h  had  been  
d i s p o s e d  of.  enab led  u s  to  ve r i fy  s o m e  of t h e  
i n f o r m a t i o n  supp l i ed .  r e l a t i v e  to quan t i t i e s  and  
p e r c e n t a g e s .  

Area Not Cleared by the 
Federal Aviation Agency 

Oi l  con tamina t ion  cont inued  f o r  about  2.4 k m  
s o u t h e a s t  of t h e  s e c t i o n  tha t  had  been  c l eaned .  
H e r e  too ,  t h e  m a j o r i t y  of dead  f i s h  w e r e  wel l  
above  n o r m a l  h igh  w a t e r .  S o m e  w e r e  e v e n  en- 
m e s h e d  in  the  b r a n c h e s  of low bushes .  We 
counted  the  l a r g e r  f i s h  ( o v e r  a p p r o x i m a t e l y  15 
c m ) ,  ident i f ied  t h e m ,  and  took  p h o t o g r a p h s  ( F i z -  
u r e  6). T a b l e  1 l i s t s  t he  s p e c i e s  we ident i f ied  
i n  t h e  k i l l ,  inc luding  s p e c i m e n s  s a v e d  by the  
c l e a n u p  c r e w .  We d id  not  a t t e m p t  t o  ident i fy  
the  h u n d r e d s  of s m a l l  o i l - cove red  s p e c i m e n s  
which  no doubt  i nc luded  m a n y  add i t iona l  s p e -  
cies. T a b l e  2 i n c l u d e s  only t h e  l a r g e r  f i s h  t h a t  
were  coun ted  o n  the  u n c l e a r e d  s h o r e .  T h e  to t a l  
weight  of f i s h  s t r a n d e d  o n  t h i s  s e c t i o n  w a s  
p r o b a b l y  not m u c h  o v e r  900  kg. 

T h e  s c a r c i t y  of m o r a y  eels w a s  i n t e r e s t i n g .  
L o c a l  d i v e r s  and  f i s h e r m e n  s a i d  tha t  m o r a y s  
were  abundant  on t h e  reef,  but on ly  two dead  
m o r a y  eels were  found. D u r i n g  the  u n d e r w a t e r  
s u r v e y s  of t h e  reef f l a t  none  w e r e  seen .  T h e  
eels m a y  have  d e t e c t e d  t h e  pol lu t ion  and  f l ed  
t h e  area b e f o r e  t h e  c o n c e n t r a t i o n  b e c a m e  l e -  
t h a l ,  o r  they  m a y  have  s u r v i v e d  it and  w e r e  not  
s een .  

W e  s a w  c o n s i d e r a b l e  n u m b e r s  of dead  t u r -  
b ine  she l l s .  N o  c o u n t s  w e r e  m a d e .  F e w  s e a  
u r c h i n s  had  been  k i l led  a long  t h i s  s e c t i o n  c o m -  
p a r e d  with the  m o r e  n o r t h w e s t e r l y  s h o r e .  T h e  
on ly  o t h e r  d e a d  i n v e r t e b r a t e s  w e r e  o c c a s i o n a l  
c o w r i e s ,  n u d i b r a n c h s ,  and  g r a p s o i d  c r a b s .  
N u m e r o u s  h e r m i t  c r a b s  w e r e  o b s e r v e d  f eed ing  
o n  t h e  dead  f i s h ,  bu t  we s a w  no dead  h e r m i t  
c r a b s .  

The Small Boat Harbor 
T h e  s m a l l  boa t  h a r b o r  w a s  a t r a p  f o r  l a r g e  

quan t i t i e s  of t he  p e t r o l e u m  sp i l l age .  T h e r e  w a s  
a l a y e r  of mixed  f u e l s  which  a t  t i m e s  w a s  20 
c m  deep  i n  t h e  i n n e r  p a r t  of t he  bas in .  T h e  
h a r b o r  banks  w e r e  fouled  with a th i ck  l a y e r  of 

Table 1.--Some of t he  f i s h e s  washed up on the  
south coas t  of Wake I s l and ,  e a s t  of t h e  wreck 
of &. C. Stoner.  

Ser ran idae  (groupers) 
Cephalopholis 
A t  l e a s t  two o t h e r  un iden t i f i ed  spec ie s  

Holocentrus l a c t e o g u t t a t u s  
Holocentridae ( s q u i r r e l f i s h )  

Scar idae  ( p a r r o t f i s h e s )  
Scarus p e r s p i c i l l a t u s  
Scarus sord idus  
A t  l e a s t  two o t h e r  u n i d e n t i f i e d  spec ie s  

Unident i f ied  
Mullidae (goa t f i sh )  

Acanthuridae ( surgeonf i shes)  
Acanthurus a c h i l l e s  
Acanthurus n ig r i cans  
Acanthurus t r i o s t e g u s  
Ctenochaetus s t r i a t u s  
Zebras oma f l a v e s  cen s 
Zebrasoma ve l i fe rum 

Chaetodontidae ( b u t t e r f l y f i s h e s )  
Centropyge flammeus 
Chaetodon lunu la  
Chaetodon semeion 

B a l i s t i d a e  ( t r i g g e r f i s h e s )  
Melichthvs v- 
Rhinecanthus rec tannulus  

Scorpaenidae ( scorp ionf i sh)  
P t e r o i s  v o l i t a n s  

Diodontidae (pu f fe r )  
Diodon h y s t r i x  

Muraenidae (moray) 

Mugilidae (mul le t s )  

Pomacentridae (damselfishes) 
Abudefduf imparipennis 
Abudefduf sord idus  
Pomacentrus n ig r i cans  

One specimen found--unidentified 

Unident i f ied  

Unident i f ied  

Pr iacanth idae  (bigeye scad) 

C i r r h i t i d a e  (hawkfish) 
Unident i f ied  

Carangidae ( jack)  
Unident i f ied  

Labridae (wrasse) 
Thalassoma umbrostigma 
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Table 2.--Fishes (>ca .  15 cm) counted on the  
sho re l ine  which had n o t  been c l ea red  by t h e  FAA. 

‘e rcent  age 
of t o t a l  

Holocentridae 
( squ i r r e l f i . shes )  384 37 9.5 

Acanthuridae 
(surgeonf i s h e s )  288 2 7 . 4  7 . 6  

Scar idae  
( p a r r o t f i s h e s )  284 2 7 . 4  59.9 

(groupers) 52 5.0 21.0 

( t r i g g e r f i s h e s )  20 2 .0  1 .0  

( scorp ionf i shes)  8 0.6 0.2 

(goa t f i shes )  4 0.3 0.1 

( s p i n y  pu f fe r s )  4 0 .3  0.2 

(morays ) 2 0 .1  0.1 

Ser ran idae  

B a l i s t i d a e  

Scorpaeiiidae 

Mullidae 

Diodontidae 

Muraenidae 

__ 

b lack  bunker  fue l .  A s u r v e y  of t h e  k i l l  a long  
the  p e r i m e t e r s  of t h e  channe l  and  i n n e r  h a r b o r  
r e v e a l e d  c o n s i d e r a b l e  n u m b e r s  of s m a l l  f i s h .  
v e r y  few l a r g e  f i s h ,  n u m e r o u s  g r a p s o i d  c r a b s ,  
and  s o m e  s m a l l  s e a  s n a k e s ;  m o s t  of t h e s e  w e r e  
heav i ly  fouled with b l ack  o i l .  T h e  f i s h  inc luded  
v a r i o u s  p o m a c e n t r i d s ,  s m a l l  s c a r i d s  ( p a r r o t -  
f i s h e s ) ,  and  a c a n t h u r i d s .  Although the  f i s h  
w e r e  n u m e r o u s ,  t h e  to t a l  b i o m a s s  of t h e  k i l l  
w a s  r e l a t i v e l y  s m a l l ,  p robab ly  only a few hun- 
d r e d  k i l o g r a m s .  We l e a r n e d  f r o m  F A A  p e r -  
sonne l  who worked  a round  the  d o c k s  tha t  t he  
f i s h  popula t ion  in  the  h a r b o r  w a s  n o r m a l l y  
s p a r s e .  T h e  heavy l a y e r  of o i l  on  t h e  s u r f a c e  
and  e m u l s i f i e d  j e t  fuel be low p r e c l u d e d  d iv ing  
in  the  channe l  o r  h a r b o r ;  however .  s u r v i v a l  of 
m a r i n e  v e r t e b r a t e s  and i n v e r t e b r a t e s  s e e m e d  
unl ike ly  u n d e r  s u c h  i n t e n s e  con tamina t ion .  

Sea Birds 
H u n d r e d s  of t housands  of soo ty  t e r n s  w e r e  

a g g r e g a t e d  in  t h e  a i r  t o  t h e  n o r t h w e s t  of Wi lkes  
and  P e d e  I s l a n d s  ( F i g u r e  7 ) ;  f r i g a t e  b i r d s  in  
c o n s i d e r a b l e  n u m b e r s  and  a r e l a t i v e l y  few 
s h e a r w a t e r s  w e r e  a l s o  p r e s e n t .  T h e  b i r d s  
w e r e  c o n c e n t r a t e d  o v e r  a r e n s  which  d id  not  

- 7 “’Zm 
c-pyc 

c L 
d ._ .- 

- \ *  . _ _ -  
Figure 7.--Large aggregations o f  sooty t e rns  o f f  the  western end of the  i s land .  
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r e c e i v e  p e t r o l e u m  sp i l l age .  K O  b i r d s  w e r e  
s e e n  a long  t h e  fouled  coas t l i ne .  T h e r e  w a s  no 
ind ica t ion  t h a t  any  b i r d  l i f e  on the  a to l l  had 
been  k i l led  o r  h a r m e d  by the  sp i l l .  

UNDERWATER SURVEYS 
U n d e r w a t e r  s u r r e y s  w e r e  m a d e  (1) in the  

v i c in i ty  of t h e  E. C. S t o n e r ,  (2 )  2.5 k m  south-  
e a s t  of t he  h a r b o r  e n t r a n c e ,  (3)  on the  reef 
f l a t s  and reef f r o n t s  about  1 km s o u t h e a s t  of 
t he  h a r b o r  e n t r a n c e ,  and (4) on  Wi lkes  I s l and  
about  300 to  400 m n o r t h w e s t  of t he  E .  C. S tone r  
( F i g u r e  1). D i v e s  w e r e  a l s o  m a d e  in the  lagoon 
and  in  uncon tamina ted  a r e a s  a long  t h e  no r th -  
w e s t e r l y  reefs. T h e  lagoon s u p p o r t s  a l a r g e  
popula t ion  of f i sh .  Had l a r g e  quan t i t i e s  of pe -  
t r o l e u m  p r o d u c t s  e n t e r e d  t h i s  sha l low e n c l o s e d  
area m o r t a l i t y  would p robab ly  have  been  v e r y  
high. N o  dead  f i s h  w e r e  s e e n  in the  w a t e r  a t  
any  of t h e s e  p l a c e s .  

The Vicinity of the Wreck 
Dur ing  s u r v e y  1 the  o c e a n  a r o u n d  the  8. C_. 

Stone r  con ta ined  a c o n s i d e r a b l e  a m o u n t  of what 
w a s  p robab ly  j e t  fue l  t h a t  had e m u l s i f i e d  with 
t h e  w a t e r  which  w a s  a d i r t y  s t r a w  c o l o r  to  a 

dep th  of 7 m o r  m o r e .  T h i s  con tamina t ion  w a s  
suf f ic ien t  t o  c a u s e  s k i n  i r r i t a t i o n  and a f t e r  
an  hour  we w e r e  c o v e r e d  wi th  a l igh t  o i ly  f i l m  
and  w e r e  in  m u c h  d i s c o m f o r t .  I tch ing  and  t en -  
d e r n e s s  of t h e  sk in  in  the  m o r e  s e n s i t i v e  a r e a s  
p e r s i s t e d  f o r  s e v e r a l  days .  

Many f i sh  w e r e  s e e n  on the  r ee f  a round  the  
wreck .  Mos t  of t hem w e r e  on the  bot tom (10- 
1 2  m )  w h e r e  the  w a t e r  w a s  l e s s  con tamina ted .  
Many w e r e  wi th in  2-3 m of t he  ship.  C u r i o u s l y ,  
we  s a w  n u m e r o u s  ind iv idua l s  of the  l e a t h e r b a c k  
r u n n e r ,  C h o r i n e m u s  s a n c t i p e t r i  ( F i g u r e  a ) ,  
f r e q u e n t l y  c o m e  up and s w i m  a r o u n d  in the  
u p p e r  3 ni of w a t e r  w h e r e  t h e  pol lu t ion  w a s  
heav ie s t .  At the  a f t e r  end  of t he  v e s s e l  t he  
w a t e r  w a s  so con tamina ted  t h a t  we  d a r e d  not  
swim a round  the  s t e r n .  In s p i t e  of t h i s ,  we  s a w  
l e a t h e r b a c k  r u n n e r s  s w i m m i n g  in t h i s  a r e a ,  
w i th  no a p p a r e n t  i l l  e f fec ts .  We thought  t ha t  
t h e  combina t ion  of i r r i t a t i o n  and  o i l i n e s s  would 
have  a d e l e t e r i o u s  e f f ec t ,  p a r t i c u l a r l y  on  t h e  
g i l l s .  H o w e v e r ,  ind iv idua l  f i s h  m a y  have  re- 
m a i n e d  in the  con tamina ted  w a t e r  f o r  br ie f  
p e r i o d s  only.  

T h e  c o r a l  h e a d s  i m m e d i a t e l y  s e a w a r d  of t h e  
w r e c k  and  f r o m  3 to  1 5  m f r o m  i t  w e r e  wel l  
popula ted  with f i sh .  T h e s e  inc luded  p a r r o t -  

F i g u r e  8 . - -Lea the rback  r u n n e r s ,  Chorinemus s a n c t i p e t r i ,  swimming i n  an a rea  
h e a v i l y  c o n t a m i n a t e d  w i t h  j e t  f u e l .  
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f i s h e s  (Scarus  p e r s p i c i l l a t u s ,  C h l o r u r u s  gibbus,  
and a t  l e a s t  two o ther  s p e c i e s ,  probably s. 
sord idus  and 2. brunneus) ,  surgeonf i shes  (A=- 
t h u r u s  t r i o s t e g u s ,  A. achi l les ,  A. n i g r i c a n s ,  
and A. gut ta tus) ,  but terf lyf ishes  (Chaetodon 
s e t i f e r ,  C. aur iga ,  E. lunula ,  E. quadr imacu-  
latus, and F o r c i p i g e r  l o n g i r o s t r i s ) ,  g rouper  
(probably Cephalopholis u s ) ,  porgy (Mono- 
t a x i s  graducul i s ) ,  w r a s s e  (Thal lassoma urn- 
bros t i f fma) ,  t r i g g e r f i s h e s  (Melichthys v 2  and 
- M .  buniva), puf fers  (probably Diodon hys t r ix  
and Arothron  m e l e a g r i s ) ,  d a m s e l f i s h e s  (Poma-  
c e n t r u s  n igr icans  and Dascyl lus  a ruanus) ,  and 
s q u i r r e l f i s h  (probably Holocentrus  lacteogut ta-  
tus ) .  Two unidentified s p e c i e s  of jacks  (Ca- 
rangidae)  w e r e  numerous .  

Although t h e r e  w e r e  numerous  f i sh  around 
the r e e f s  c l o s e  to the ship,  we l a t e r  found, 
a f t e r  subsequent  d ives ,  that o ther  a r e a s  on the 
reef  f r o n t  f a r t h e r  away f r o m  the s o u r c e  of pol- 
lution w e r e  m o r e  densely populated than the 
reef f ront  n e a r  the !&. C. Stoner. During the 
per iod  of g r e a t e s t  petroleum sp i l lage ,  many 
f i s h  in  the wreck  a r e a  w e r e  probably e i ther  
ki l led o r  dr iven  away. 

The  reef  f la t  d i rec t ly  i n s h o r e  of the wrecked 
ship i s  about 0.5 to 2 m deep  a t  low t ide and 
about 1 2 5  m wide,  the widest  such  a r e a  on th i s  
coas t .  We found it  n e a r l y  b a r r e n  of fish. The 
bottom is f la t ,  covered  with cora l l ine  rubble  
with few c o r a l  heads.  One would not expect  
such  a reef  normal ly  to suppor t  a very  l a r g e  
population of f i s h e s ,  but ne i ther  would i t  be ex-  
pec ted  to be a s  depaupera te  a s  i t  was.  P r o b -  
ably,  many of the f i s h  in th i s  a r e a  had been 
e i t h e r  ki l led o r  dr iven  off. 

Sea Off Wake island Between the 
Harbor and Peacock Point 

T i m e  and weather  p e r m i t t e d  u s  to make  two 
underwater  s u r v e y s  off this  c o a s t  ( s u r v e y s  2 
and 3 ,  F i g u r e  1 ) .  Both s u r v e y s  w e r e  made  in  
a r e a s  where  cons iderable  n u m b e r s  of f i sh  had 
been s t r a n d e d  on the shore .  

On September  1 5 ,  the wind was  s t i l l  s t r o n g  
f r o m  the southwest. A heavy s e a  was  breaking  
on the reef  2 . 5  km southeas t  of the  h a r b o r ,  
w h e r e  we made  s u r v e y  2. Weather  r e p o r t s  
indicated that  typhoon Sarah  would p a s s  v e r y  
c l o s e  to Wake in  about 48 h r  and s e a  condi t ions 
w e r e  poor  f o r  diving. However ,  we decided i t  
would be b e s t  to survey  the polluted c o a s t  out- 
s ide  the reef a s  b e s t  we could before  the ty- 
phoon a r r i v e d .  W e  w e r e  unable to find any 
p a s s e s  through the reef so scuba w a s  not used. 

The heavy turbulence  on the reef f la t  made  
vis ibi l i ty  poor. The reef  f la t  t h e r e  i s  about 
30 m wide and h a s  numerous  c o r a l  format ions .  
It should suppor t  a subs tan t ia l  f i sh  population; 
however ,  we s a w  re la t ive ly  few f ish.  The 
dominant  groups  w e r e  var ious  s c a r i d s  (not in- 
cluding adult humpback p a r r o t f i s h ,  C. gibbus) ,  
and acanthur ids ,  the l a t t e r  most ly  A_. t r i o s t e g u s  
and A. achi l les .  We saw no grouper  o r  squi r -  
r e l f i s h .  T h e r e  w a s  no pe t ro leum o r  dead f i sh  
in the water .  At l e a s t  p a r t  of the s p a r s i t y  of 
f i s h  on the shelf was probably due to the heavy 
s e a s .  

The  reef  f r o n t  d r o p s  off s teeply to a depth of 
about 8 m. Visibi l i ty  was  be t te r  than on the 
f la t .  T h e r e  w e r e  n u m e r o u s  rock  and c o r a l  
f o r m a t i o n s  and a m y r i a d  of fish. T i m e  did not 
allow u s  to obtain any da ta  on the densi ty  of the 
f i s h  population on the s e a w a r d  s ide  of the reef. 
However ,  on the b a s i s  of p a s t  exper ience ,  we 
cons idered  the population to be high. T h i s  
population included a wide range  of the common 
reef  groups.  The  m o s t  numerous  s p e c i e s  w e r e  
genera l ly  the s a m e  o n e s  that w e r e  the m o s t  
plentiful in  the kill: s e v e r a l  s p e c i e s  of p a r r o t -  
f i s h e s ;  surgeonf i shes ,  predominant ly  A. m- 
os tegus  and A. achi l les ;  s e v e r a l  s p e c i e s  of 
g r o u p e r s ,  most ly  E. arffus, and var ious  poma- 
c e n t r i d s  and chaetodontids. Except ions were  
s q u i r r e l f i s h ,  few of which w e r e  s e e n ,  and adul t  
humphead p a r r o t f i s h ,  which w a s  numerous  out- 
s ide  the reef  but apparent ly  absent  in the kill.  

Shortly a f te r  c r o s s i n g  the r e e f ,  we encount- 
e r e d  numerous  blackt ip  s h a r k s ,  C a r c h a r h i n u s  
melanopterus .  During th i s  survey  and subse-  
quent  s u r v e y s  outs ide the r e e f ,  we w e r e  f r e -  
quently p e s t e r e d  by s h a r k s ,  m o s t  of them 1 .2  
to 1 . 5  m long. They w e r e  e x t r e m e l y  c u r i o u s  
and p e r s i s t e d  in  making c lose  p a s s e s ,  f requent-  
ly coming within l e s s  than 1 m of us. They 
w e r e  r e m a r k a b l y  bold and did not s c a r e  easily. 
L o c a l  sk indivers  cons idered  the abundance and 
boldness  of the blackt ips  a s  v e r y  unusual. The 
only way we c a n  account  f o r  t h e i r  concentrat ion 
and behavior  is that  the s h a r k s  had been at-  
t r a c t e d  to  the a r e a  by dead f i sh  and had become  
conditioned to finding abundant food dr i f t ing 
around.  Such conditioning might  r e s u l t  in  im-  
media te  a t tack  behavior ,  without the pre l imin-  
a r y  invest igat ion usual ly  m o r e  c h a r a c t e r i s t i c  
of sharks .  The  behavior  of the s h a r k s  was  a 
l i t t l e  d i sconcer t ing  and hindered u s  somewhat ,  
as  we had to keep a constant  watch in o r d e r  to 
c h a s e  them off. It i s  i n t e r e s t i n g  to note that no 
s h a r k  was  r e p o r t e d  in  the kill.  
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We cove red  about 2 7 5  m of coas t l ine .  A s  on 
the  reef f l a t  we s a w  no dead f i sh  o r  inve r t e -  
b r a t e s ,  no r  any indication of petroleum in  the 
water .  

We m a d e  s u r v e y  3 off the south c o a s t  about 
1 . 7  km sou theas t  of the wreck  ( F i g u r e  1) on 
Sep tember  16. T h e  wind had abated and the s e a  
w a s  the  c a l m e s t  we had s e e n  s ince  o u r  a r r i v a l .  
The  heav ie s t  beach-stranded kil l  had o c c u r r e d  
in  th i s  g e n e r a l  a r e a .  We su rveyed  the reef  f la t  
for  about 1 2 5  m. The  reef in  th i s  a r e a  w a s  
s i m i l a r  to that in  s u r v e y  a r e a  2 ,  but the f i s h  
population, dominated by S c a r u s  so rd idus ,  Acan- 
t h u r u s  t r i o s t egus ,  A .  a ch i l l e s ,  and Ctenochaetus  
s t r i a t u s ,  w a s  larger. We saw no s q u i r r e l f i s h ,  
g r o u p e r ,  o r  adult  humphead p a r r o t f i s h  on the 
reef flat .  T h e  reef f ron t  dropped off abrupt ly  
to about 8 m.  We w e r e  again i m p r e s s e d  by the 
abundance of f i s h  l i fe ,  which w a s  f a r  g r e a t e r  
than on the  reef flat .  H e r e  a l so ,  p a r r o t f i s h e s  
and su rgeonf i shes  dominated. We saw s e v e r a l  
d i f fe ren t  s p e c i e s  of S c a r u s  and n u m e r o u s  l a r g e  
- C .  gibbus; in  addition, C_. arffus and a t  l e a s t  
t h r e e o t h e r  s p e c i e s  of g r o u p e r s  and two s p e c i e s  
of ca rang ids  w e r e  plentiful. We saw a number  
of squ i r r e l f i sh ,  which appea red  to be the s a m e  
s p e c i e s ,  H. lacteogut ta tus ,  which o c c u r r e d  in  
the  kill. A s  i n  s u r v e y  2 ,  we saw m o s t  of the  
s p e c i e s  tha t  w e r e  in the kil l ,  p lus  many m o r e .  
Those  s p e c i e s  which w e r e  m o s t  abundant in  the  
kill w e r e  apparent ly  a l s o  the  m o s t  abundant 
offshore.  Humphead pa r ro t f i sh  and s q u i r r e l f i s h  
w e r e  except ions.  We encountered numerous  
blacktip s h a r k s  behaving in  the s a m e  manner  
a s  on the  p rev ious  day. 

Sea Off Southeastern End of 
Wilkes Island 

T h e  a r e a  i n  f ron t  of the  Pac i f i c  Miss i l e  Range 
fac i l i ty  about 300 to  400 m nor thwes t  of the  
- R. c. Stoner w a s  chosen  f o r  su rvey  4 ( F i g u r e  
1). B e c a u s e  of the p reva i l i ng  southwester ly  
winds and poss ib ly  the  c u r r e n t ,  v e r y  l i t t l e  o i l  
had washed up t h e r e ,  but i n s t ead  had been d r iv -  
e n  up the  channel  into the  inne r  ha rbor .  On o u r  
s u r v e y  of the  beach on Wilkes I s land ,  we had 
found l i t t l e  oil  and few dead fish.  B e c a u s e  that 
area had apparent ly  been re la t ive ly  l i t t l e  af- 
fec ted ,  we thought it would s e r v e  as  a useful 
c o m p a r i s o n  to the  two m o r e  e a s t e r l y  su rveys .  
Loca l  s cuba  d i v e r s  told u s  i t  was  one of t he i r  
f avor i t e  diving spo t s ,  and tha t  t h e r e  w e r e  many  
f i s h  on the reef f r o n t  and s h a r k s  w e r e  r a r e .  
Cur ious ly ,  du r ing  o u r  brief s u r v e y ,  we found 
nei ther  t he  reef f l a t  no r  the reef f ron t  nea r ly  

a s  abundant in  f i sh  a s  the previously inves t i -  
gated a r e a s ;  we saw few pa r ro t f i shes  and no 
dead  f i s h  in  the  w a t e r ,  but we w e r e  bothered by 
blacktip s h a r k s  and l a t e r  by two l a r g e r  (2 .0-  
2.5 m)  g r a y  s h a r k s .  The l a t t e r ,  which we could 
not posi t ively identify a s  to spec ie s ,  manifested 
the s a m e  a g g r e s s i v e  tendencies  a s  the black- 
t i p s ,  making v e r y  c lose  p a s s e s .  We w e r e  a bit  
m o r e  l e e r y  of l a r g e  s h a r k s  with th i s  type of 
behavior  and le f t  the a r e a  posthaste .  

CONCLUSIONS 

By noon of September  1 6 ,  l a r g e  s t o r m  seas 
w e r e  rapidly building up on the  reefs and it 
w a s  imposs ib l e  to  continue the  survey.  That  
night typhoon S a r a h  s t ruck  Wake with winds up 
to 6 7  m p e r  s e c  (140 m i l e s  p e r  h r )  caus ing  
g r e a t  damage  to the  island’s fac i l i t i es .  The  
typhoon, however ,  had one saving g r a c e :  i t  blew 
away v i r tua l ly  a l l  of the  o i l  that  had accumu- 
l a t ed  i n  the  inne r  h a r b o r  and even did a good 
job of s cour ing  i t s  oil-fouled banks ,  solving in  
one night a p rob lem which would have taken 
many weeks  to ove rcome .  On the  morn ing  of 
September  1 7 ,  the h a r b o r  w a s  c l e a r  and clean. 
A brief su rvey  of the  affected beach a r e a s  d is -  
c losed  that the  only r e m a i n i n g  evidence of pol- 
lution w a s  black o i l  embedded in  reef f l a t  
c r e v i c e s  and impregna ted  in  cora l .  The author- 
i t i e s  on the is land w e r e  evacuat ing a l l  nones- 
s en t i a l  pe r sonne l  because  of an acute  housing 
shortage.  Thus ,  we w e r e  unable to m a k e  a n  
unde rwa te r  su rvey  of the now oi l - f ree  inne r  
ha rbor .  T h i s  w a s  unfortunate.  Even though we 
have no “be fo re  pollution” da ta  on the h a r b o r ,  
i t  would have been of g r e a t  value to have an 
a c c u r a t e  a s s e s s m e n t  of the  biological condi- 
t ions  of a shal low confined a r e a  of t h i s  na tu re ,  
the  s u r f a c e  of which was  completely cove red  
with a thick f i lm of heavy o i l  and t h e s u b s u r -  
f a c e  contaminated with l ight fue l  f o r  ove r  a 
week. 

W e  e s t i m a t e  tha t  about 2,500 kg of dead f i s h  
w e r e  washed up on the  south s h o r e  du r ing  the  
pe r iod  of maximum petroleum e s c a p e m e n t ,  the 
f i r s t  week a f t e r  the E. C. Stoner had foundered.  
Our bes t  g u e s s  is that m o s t  of the kil l  had oc- 
c u r r e d  on the  shal low reef f l a t  bo rde r ing  the  
coas t .  The avai lable  evidence a p p e a r s  to  sup- 
p o r t  t h i s  theory.  Numerous  g r o u p e r s  and squ i r -  
r e l f i s h  o c c u r r e d  i n  the  kill.  Apparent ly ,  a l l  
of the  squ i r r e l f i sh  w e r e  E. lacteogut ta tus  and 
nea r ly  a l l  the g r o u p e r s  w e r e  g.  a m .  We saw 
nei ther  of t h e s e  g roups  on any of the reef 
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s h e l v e s  we s u r v e y e d ,  ye t  they a r e  genera l ly  the 
m o s t  abundant of t he i r  r e s p e c t i v e  f a m i l i e s  oc- 
c u r r i n g  i n  shal low w a t e r  a round Wake. C. arffus 
w e r e  frequent ly  o b s e r v e d  outs ide  the  reef. We 
s a w  few E. lacteogut ta tus  outs ide  the  reef; 
however ,  a s  with the  e e l s ,  a s s e s s m e n t  of a 
s q u i r r e l f i s h  population in  the  dayt ime by v isua l  
m e a n s  is imposs ib le ,  espec ia l ly  without us ing  
scuba.  G r o u p e r s  and s q u i r r e l f i s h  on the  reef 
shelf  m a y  have  holed up when they s e n s e d  the  
pollution, r a t h e r  than escaping  to uncontami-  
nated water  outs ide the reef. T h u s ,  they would 
be v e r y  vulnerable  and suf fer  except ional ly  
high mor ta l i ty .  A s  f a r  a s  we could d e t e r m i n e ,  
no adul t  humphead p a r r o t f i s h ,  C. gibbus,  was  
kil led.  Adults of t h i s  s p e c i e s  w e r e  not s e e n  on 
the  reef s h e l v e s  that  had been polluted nor  in  
unpolluted shal low a r e a s  but w e r e  numerous  
outs ide  the  reef. It  is poss ib le  that  young C. 
gibbus w e r e  among  the kil l  and not detected.  
- C. gibbus d o e s  not develop the  en larged  fore-  
head c h a r a c t e r i s t i c  of the adult  until i t  i s  qui te  
l a r g e .  Dur ing  the s u r v e y  we w e r e  not f a m i l i a r  
with the appearance  of the young fish.  Other  
s p e c i e s  of p a r r o t f i s h  ( these  may  have included 
young C_. gibbus) w e r e  apparent ly  v e r y  vulner-  
ab le  to the pe t ro leum pol lutants .  If one a s -  
s u m e s  that  adult  s. gibbus w e r e  a l s o  vulner-  
ab le ,  le thal  pollution probably did not extend 
into the d e e p e r  water  ou ts ide  the reef. 

It is in te res t ing  to specula te  as to which of 
the v a r i o u s  f u e l s  c a u s e d  the m o s t  mor ta l i ty .  
Within an  hour  a f t e r  the grounding i t  w a s  known 
tha t  aviat ion gasol ine was  escaping  because  i t s  
d i s t inc t ive  s m e l l  p e r m e a t e d  the a r e a  and even-  
tual ly  s p r e a d  o v e r  m o s t  of the i s land  to lee-  
ward  of the vesse l .  However .  concurren t ly  
with the gaso l ine .  J-P4 j e t  fuel a,nd possibly 
A - 1  tu rb ine  fuel  w e r e  leaking. T h e r e  i s  no 
r e c o r d  of the extent  of f i sh  mor ta l i ty  o r  even  
i f  any mor ta l i ty  had o c c u r r e d  the  day the ship 
grounded.  T h e  m o r n i n g  a f t e r  the grounding 
(September  7). black fuel  oi l  was  leak ing  in  
l a r g e  amounts  and g r o s s  black oi l  pollution 
extended along the shore l ine  and into the s m a l l  
boat h a r b o r .  Dead and dying f i sh  w e r e  f i r s t  
noted on September  7.  On September  8 t h e r e  
w a s  an  ex tens ive  f i sh  kil l  a long the beach. A l l  
of the aviat ion gasol ine  had apparent ly  spi l led 
by the  morning  of September  9 a s  the p r e s e n c e  
of gasol ine vapor  in  the a i r  could no longer  be 
detected.  A l a r g e  p a r t  of t he  black oi l  had a l so  
spi l led by September  9 ,  but the r e m a i n d e r  con- 
tinued to  e s c a p e  a t  l e a s t  through September  15. 
L a r g e  quant i t ies  of aviat ion je t  fue l ,  aviation 

turb ine  fue l ,  and possibly d iese l  fue l  w e r e  es- 
caping  through September  1 6 .  However ,  t h e r e  
was  no evidence of f i s h  mor ta l i ty  subsequent  t o  
September  10. 

N e a r  the  wreck  we o b s e r v e d  tha t  numerous  
r e e f  f i s h e s  and lea therback  r u n n e r s  showed a 
s u r p r i s i n g  t o l e r a n c e  to je t  fue l  o r  tu rb ine  fuel ,  
o r  both. T h e  s e a w a r d  s i d e  of t he  r e e f ,  below 
the  s u r f a c e ,  was  probably contaminated only 
with l ight f u e l s ,  including aviat ion gasol ine ,  
w h e r e a s  the  reef f la t  rece ived  both l ight f u e l s  
and black o i l  mixed  into the w a t e r  by the  heavy 
su r f .  

Although admit tedly poor ly  documented,  the 
ev idence  ind ica tes  that  t he  pe t ro leum product  
m o s t  le thal  t o  f i sh  was  e i t h e r  aviat ion gasol ine  
(which conta ins  te t rae thyl  l e a d ,  a known toxic 
agent)  or black oil. Other  oil  sp i l lages  have  
indicated that  f i sh  a r e  not s e r i o u s l y  affected 
by c r u d e  o i l ,  which is p r i m a r i l y  confined to the 
sur face .  L a b o r a t o r y  exper i rnents  have c o r r o b -  
o r a t e d  th i s  finding. However .  when a l a r g e  
volume of heavy oil  is well churned  onto a 
shal low reef f la t .  t he  mor ta l i ty  may  be  ex- 
pec ted  to be  high. 

Cons iderable  n u m b e r s  of f i sh  m u s t  have been 
kil led on the  reef f l a t  and washed out  into deep 
w a t e r ;  however ,  we w e r e  unable to e s t i m a t e  the  
p e r c e n t a g e  of t he  kil l  t ha t  did not wash  ashore .  
By September  1 3 ,  when we s t a r t e d  o u r  invest i -  
gat ion,  f i sh  apparent ly  w e r e  not being affected 
by oi l  pollution. We s a w  ne i ther  dead  f i sh  i n  the 
w a t e r  n o r  any f i s h  showing s i g n s  of d i s t r e s s .  

We m a d e  only c u r s o r y  o b s e r v a t i o n s  on  the 
inver tebra tes .  T h e  turbinid s n a i l s  and sea 
u r c h i n s  w e r e  the only a n i m a l s  found dead  i n  
l a r g e  numbers .  T h e  population of T u r b o  on the 
south c o a s t  of Wake m a y  have been s e r i o u s l y  
depleted. Damage  to many of the v a r i o u s  s m a l l  
i n v e r t e b r a t e s  commonly  inhabi t ing c o r a l  reefs 
may  have been s e v e r e .  T h e s e  i n v e r t e b r a t e s  
have the  s lowes t  r e c o v e r y  r a t e  and thus the i r  
deplet ion would have the  m o s t  profound effect  
on  the  ecosys tem of the reef flat .  

We o b s e r v e d  tha t  the f i sh  population on the  
reef f r o n t  and s lope  w a s  dense.  T h i s  p r o x i m a l  
population would provide  a s o u r c e  f o r  rap id  
r e c r u i t m e n t  to both the  reef f la t  and the  i n n e r  
harbor .  

That  the f i sh  ki l l  was  negligible when com-  
p a r e d  with the surv iv ing  population may  be 
a t t r ibu ted  to t h r e e  ma in  fac tors .  F i r s t ,  t he  
n a t u r e  of the c o a s t a l  t e r r a i n  was  a saving fac- 
t o r ,  composed  a s  i t  is of a n a r r o w  reef  f l a t  
with the  w a t e r  depth dropping off rapidly along 
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t he  reef f ron t .  P l a c e s  with g r e a t  e x p a n s e s  of 
sha l low t ida l  a r e a  a r e  f a r  m o r e  v u l n e r a b l e  to  
any type of con tamina t ion .  Second ly ,  the  f a c t  
t ha t  o i l  w a s  unab le  t o  p a s s  f r o m  t h e  i n n e r  h a r -  
bo r  to  the  lagoon. Wake  I s l a n d ,  of c o u r s e ,  
d o e s  have  a r e l a t i v e l y  sha l low a r e a  in the  l a -  
goon v u l n e r a b l e  to  con tamina t ion .  Had the  
heavy c o n c e n t r a t i o n  of f u e l s  which  a c c u m u l a t e d  
in t h e  h a r b o r  e n t e r e d  the  l agoon ,  a n e a r  “ to t a l  
k i l l”  with long- l a s t ing  e f f ec t s  p robab ly  would 
have  o c c u r r e d .  T h i r d ,  a l a r g e  p e r c e n t a g e  of 
t h e  s p i l l a g e  e n t e r e d  and w a s  t r a p p e d  in the  
s m a l l  boa t  h a r b o r  w h e r e  i t  could  do r e l a t ive ly  
l i t t l e  d a m a g e  to m a r i n e  l i fe .  Had th i s  o i l  been  
ab le  to s p r e a d  a long  the  ou t s ide  r e e f s ,  t he  kil l  
would have  been  g r e a t e r .  

A l t e r  t he  typhoon a Navy s a l v a g e  t e a m  tound 
tha t  t he  w r e c k  had  bi,oken in to  t h r e e  sec t ions .  
All  h e r  tank  tops  w e r e  open  to the  s e a  and 
a p p a r e n t l y  a l l  of h e r  c a r g o  had been  r e m o v e d  
by s e a  ac t ion .  

T h e  po r t ion  of the  w r e c k  r e m a i n i n g  above  
w a t e r  w a s  c o n s i d e r e d  h a z a r d o u s  to  the  i n s t r u -  
m e n t  l and ing  s y s t e m  on the  r u n w a y s ,  so t he  
w r e c k  was f l a t t ened  to the  w a t e r l i n e  with ex-  

p los ives .  D u r i n g  the  c o u r s e  of t he  demol i t i on  
o p e r a t i o n  t h e r e  w a s  m i n o r  weep ing  of p e t r o -  
l eum p r o d u c t s  t ha t  f o r m e d  a s l i c k  ex tend ing  
abou t  1.5 km o f f shore .  With n o r t h e a s t e r l y  t r a d e  
winds  p r e v a i l i n g  t h e r e  w a s  no m o r e  s h o r e l i n e  
p o 11 LI t i o n. 

P o o r  w e a t h e r  and  s h o r t a g e  of the  t i m e  l i m i t e d  
the  s c o p e  of t h i s  s u r v e y .  but t he  m a j o r  s h o r t -  
c o m i n g s  of t he  inves t iga t ion  w e r e  tha t  we a r -  
r i v e d  too l a t e  to  ge t  t he  full  p i c t u r e  of the  
d a m a g e ,  and tha t  we had no c l e a r  concep t  of 
the  n o r m a l  p re -po l lu t ion  s i tua t ion  in  the  a r e a s  
we  su rveyed .  We s u g g e s t  t ha t  i f  a t  l e a s t  two 
t r a i n e d  t e a m s  ot b io log i s t s ,  inc luding  spec ia l -  
i s t s  in f i sh  and  i n v e r t e b r a t e s .  w e r e  loca t ed  a t  
s u i t a b l e  l a b o r a t o r i e s  on  the  P a c i f i c  and At lan t ic  
O c e a n s ,  we could  enhance  our  knowledge  o l  t he  
e f f e c t s  of o i l  pollution m o r e  e f f ic ien t ly .  T h e  
t e a m s  would have  su i t ab le  s u r v e y  equ ipmen t  
r e a d i l y  av:iilable and could  be  d i spa tched  i m -  
med ia t e ly  to  any a r e a  w h e r e  a p e t r o l e u m  pol- 
lu t ion  t h r e a t  i s  an t i c ipa t ed  o r  a l r e a d y  e x i s t s .  
If p o s s i b l e ,  t he  g r o u p  would r e a c h  the  s c e n e  in  
t i m e  to  s u r v e y  the  e n v i r o n m e n t  and b io ta  be fo re  
t h e  o i l  a r r i v e s .  
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